Objective To determine the incidence, causes and prognosis of pregnancy-related acute kidney injury (PR-AKI) in Chinese women. Methods From July 2004 to February 2013, 18,589 women of Han ethnicity who attended the Obstetrics and Nephrology Department of our tertiary hospital were investigated, and individuals meeting the PR-AKI criteria were included in the analysis. The WanFang, Chinese Science Journal, Chinese Knowledge, MED-LINE, EMBASE and Cochrane library databases were searched, and literature describing PR-AKI diagnoses with Chinese women as study subjects and a sample size of ! 5 were included. Results The incidence of PR-AKI was 0.1183% (22/18,589). Hemorrhagic shock (31.8%) and preeclampsia (severe, 18.2%) were the two most common causes of PR-AKI. Twelve women recovered completely, six women displayed persistent proteinuria and four women had an increased serum creatinine level at discharge. There were no cases of death. Twenty women demonstrated adverse pregnancy outcomes (90.9%), including eight cases of stillbirth (36.4%). In our literature review, 29 of 4,076 articles were included, and the incidence of PR-AKI in China was found to range from 0.02% to 1.84%. Pregnancy hypertension (49.2%) and postpartum hemorrhage (13.8%) were found to be the most common causes of PR-AKI in China. The prognosis improved in 81.9% of the patients, the renal function deteriorated in 4.5% of the patients and 13.6% of the patients died. The rate of stillbirth was 27.0%. Conclusion The maternal condition after active treatment was good, whereas the pregnancy outcomes were generally poor. Although the incidence of PR-AKI was relatively low, this finding is noteworthy. Further studies are thus warranted to improve maternal-fetal outcomes.
Introduction
Acute kidney injury (AKI) includes a group of clinical syndromes that primarily manifest as a rapid decline in the kidney function in association with the accumulation of metabolic waste (1) . The diagnosis and treatment of AKI occurring during pregnancy, known as pregnancy-related AKI (PR-AKI), is a clinical challenge for obstetricians and nephrologists. The incidence and etiology of PR-AKI varies greatly between different regions (2) (3) (4) (5) , and it has been reported that the incidence of PR-AKI in developed countries There is a high degree of heterogeneity in the definition of PR-AKI (2) . Based on the existing literature, previously healthy pregnant women are considered to have developed AKI if they display an absolute increase in the serum creatinine (Scr) level of ! 0.3 mg/dL (! 26.5 μmol/L), an increase in the Scr level of ! 50% (1.5 times the baseline value) or a urinary volume of <0.5 mL/kg/h for more than six hours (5, 8, 10) . Since an Scr level of >70 μmol/L usually indicates renal dysfunction in pregnant women, an Scr level of >70 μmol/L prior to the pregnancy endpoint was chosen as a threshold for the diagnosis of AKI (11) . In addition, 16 women with an Scr level of >70 μmol/L who did not meet the diagnostic criteria for PR-AKI were selected as a control group. Patients with pre-existing renal dysfunction requiring renal replacement and/or those with tumors prior to gestation were excluded.
Materials and Methods

Subjects
Data collection
A database derived from an electronic medical record system and laboratory information management system was used. Registration forms were used to record the subjects' medical history, clinical features and pregnancy outcomes among the women who developed PR-AKI during hospitalization. The diagnosis was confirmed by a senior obstetrician (Huang Y.J.) and senior nephrologist (Wang N.S.). The main registration contents included the following items: demographic information and medical history (e.g. rural or urban population, supervised or unsupervised, gestational weeks, history of hypertension and/or renal disease and obstetric complications), clinical features (e.g. symptoms, blood cell count, coagulation parameters and the albumin, Scr, liver enzyme, electrolyte and 24-hour urinary protein levels), pregnancy outcomes (fetus size, delivery mode, neonatal weight, Apgar score, neonatal diseases) and treatment.
The baseline data included the lowest value available closest to the date of admission within the previous three months. Data for subjects receiving regular prenatal supervision were obtained from their supervision records. Data for those left unsupervised were obtained from occasional measurements at primary or secondary hospitals. Biochemistry tests were conducted at intervals of no longer than two days. The urine output was measured and recorded every day. The indicators were tested on a Sysmex xe-5000 automatic blood analyzer (Sysmex Shanghai Ltd, Shanghai, China) and Bayer ADVIA 1650 automatic biochemical analyzer (Bayer, Leverkusen, Germany) in our biochemical laboratory. Renal replacement therapy was performed in cases of anuria, an abrupt increase in the Scr level (>442 μmol/L), metabolic acidosis, severe edema or hyperkalemia (>6.5 mmol/L).
Related definitions
The classification and severity of hypertensive disorders of pregnancy, including gestational hypertension, preeclampsia, eclampsia, chronic hypertension with preeclampsia and pregnancy with chronic hypertension, were determined based on the criteria of the National High Blood Pressure Working Group (2000) American Congress of Obstetricians and Gynecologists (ACOG, 2002). Pre-eclampsia was considered severe if one or more of the following criteria were met: hypertension (systolic blood pressure ! 160 mmHg or diastolic blood pressure ! 110 mmHg), proteinuria (! 5 g on a 24-hour urine specimen), oliguria, cerebral or visual disturbances, pulmonary edema or cyanosis, epigastric or right upper quadrant pain, an impaired liver function, thrombocytopenia or FGR (fetal growth restriction) (12, 13) . Postpartum hemorrhage was defined as blood loss of >500 mL following vaginal delivery or blood loss of >1,000 mL following cesarean section. The clinical characteristics of AFLP (acute fatty liver of pregnancy) included fever, malaise, anorexia, myalgia, nausea, vomiting and epigastric pain. Pre-term birth was defined as the birth of a baby with a gestational age of <37 weeks. A birth was recorded as a stillbirth if the infant died before or during labor. The Apgar scores were generally calculated at 1 and 5 minutes after birth and repeated later if they remained low (14) . Regular supervision was recommended to start no later than the 20th week of pregnancy, and the patients were required to be checked every four weeks during weeks 20 to 36 of pregnancy or once a week after week 36. The mean arterial pressure (MAP) was defined as (systolic pressure + diastolic pressure ×2)/3, with the normal range being 70-105 mmHg. Oliguria was defined as a urine output of <400 mL/24 hours, and anuria was defined as no urine or a urine output of <100 mL/24 hours. Forms of pregnancy termination included natural vaginal delivery, cesarean delivery and labor induction. Adverse pregnancy outcomes were defined as stillbirth, pre-term birth, a low birth weight, FGR and neonatal asphyxia.
Literature review
We searched the WanFang, Chinese Science Journal, Chinese Knowledge, MEDLINE, EMBASE and Cochrane library databases to collect studies of PR-AKI in China. All literature on PR-AKI published between January 1989 and October 2013 was searched. The searching and data extraction procedures were completed by two researchers using the key words, "pregnancy," "acute kidney injury" and "acute kidney failure" in Chinese as well as the MESH key words of "pregnancy" and "acute kidney injury." The conjunction was "and," and the languages used in the searches were Chinese and English. The two researchers (Bao H.D. and Jiang Z.Z.) reached 100% agreement on the results. The inclusion criteria were Chinese women meeting the diagnostic criteria for PR-AKI with a sample size ! 5 cases. The exclusion criteria were as follows: (1) non-pregnant women; (2) non-Chinese women; (3) the presence of kidney injury not meeting the diagnostic criteria for AKI; (4) individual case reports; (5) reviews or commentaries; and (6) studies with detailed data that could not be extracted. The grade of evidence was determined according to the Centre for Evidence Based Medicine criteria (http://www.cebm.net), as follows: grade I included high-quality randomized controlled studies; grade II included prospective cohort studies; grade III included retrospective case-control studies; grade IV included series and case reports; and grade V included expert commentaries.
Statistical analysis
The SPSS 17.0 [International Business Machines Corporation (IBM), Armonk, USA] and GraphPad Prism 5.0 software (GraphPad Software, Inc, San Diego, USA) programs were used for the statistical analyses. Parametric values are presented as the mean ± SD, and nonparametric values are presented as the median (quartiles). The independent Student's t-test was used to analyze two independent results. The Kruskal-Wallis H test was used to compare two groups with an abnormal distribution of the data. A one-way analysis of variance (ANOVA) was used to evaluate data for more than three groups, followed by the Bonferroni correction. The χ 2 test and Fisher's exact probability test were used to analyze differences in the frequency distributions. A p value of <0.05 indicated a significant difference.
Results
Analysis of PR-AKI patients treated at our hospital
Patient characteristics
In total, 22 patients met the diagnostic criteria for PR-AKI, representing an incidence of 0.1183% (22/18,589). The mean age was 30.9±5.4 years (range, 22-41 years) and the mean gestational week was 32.6±4.9 weeks (range, 24-41 weeks). Twelve of the 22 women were primiparous, 16 of the women (72.7%) developed PR-AKI in the third trimester of pregnancy, 77.3% were from rural areas and 59.1% did not receive regular prenatal supervision (Table 1) .
Maternal condition on admission The average hospital stay was 14.7±8.6 days (range, 4-40 days). Hemorrhagic shock (31.8%) and pre-eclampsia (severe, 18.2%) were the two most common causes of PR-AKI, followed by AFLP (18.2%). There were four women with miscellaneous causes of PR-AKI. The conditions of two patients were considered to be caused by the emergence of latent kidney disease, as these subjects had no history of kidney disease, pre-eclampsia or other obstetric diseases. None of the 22 patients had a history of hypertension prior to gestation; however, five subjects (22.7%) had irregularly received anti-hypertensive drugs for pre-eclampsia. Seven patients developed gestational diabetes mellitus and six experienced obstetric complications, such as placenta previa, placental abruption or oligohydramnios. Four women presented with multiple organ dysfunction syndrome (MODS) (Table 1) and four women had a history of abnormal pregnancy. The clinical presentations and results of laboratory tests on admission are shown in Table 2 . In the case-control group comparison, statistically significant differences were noted in the mean gestational week, residence in a rural area and a lack of regular prenatal supervision (Table 3) .
Outcomes
Maternal
After the diagnosis of AKI, the maternal intake and output volumes were monitored, and fluid intake was strictly controlled in periods of oliguria and anuria (intake=400-500 mL + urine, vomiting, diarrhea and drainage of the previous day). Diuretics (spironolactone 20 mg po bid) were given at appropriate times, and the intravenous administration of sodium bicarbonate (125 ml ivgtt bid) was applied to alkalinize the patient's urine. Electrolytes were monitored, and any imbalances were corrected promptly. Hemodialysis [a temporarily switch to continuous venovenous hemodiafiltration (CVVHDF)] was initiated based on standard indications. Following a diagnosis of obstetric disease, women with hypertensive disorders were treated according to a standardized management protocol, as follows: spasmolysis (5% glucose 500 mL + MgSO4 3 g ivgtt, 1-2 g/h), sedation (phenobarbital 100 mg im qn) and blood pressure control (labetalol 100 mg po q8h or nifedipine 10 mg po q8h). Patients with AFLP underwent treatment with liver protection and enzyme reduction. No AFLP patients required blood purification, as none of the four affected patients exhibited azotemia, oliguria, overload, hyperkalemia or metabolic acidosis. Women who experienced massive hemorrhage received a blood transfusion (2 units of red blood cells at one time) to maintain their blood pressure and correct coagulopathy. Twenty patients received conservative medical treatment and two patients received CVVHDF.
Four women displayed an increased Scr level at discharge. The mean duration between the AKI attack and renal function recovery among the women without an increased Scr level was 8.11±9.6 days. The Scr level return to normal in 18 women, although six of these women demonstrated persistent proteinuria, including three with miscellaneous causes of AKI. Changes in the laboratory values of the patients without an increase in the Scr level prior to admission are shown in Figure. Seven days after the termination of pregnancy, the maternal condition improved. There were statistically significant differences in urine output (p= 0.006), MAP (p=0.025), leukocytes (p=0.042), platelets (p= 0.008), hemoglobin (p<0.001), Scr (p=0.016) and serum lactate dehydrogenase (p=0.004) between the day of admission and the seventh day postpartum. There were no statistically significant differences in the serum alanine aminotransferase (p=0.063), aspartate aminotransferase (p=0.077) or uric acid (p=0.061) levels. On the seventh postpartum day, hypernatremia and hyponatremia occurred in five patients (22.7%, χ 2 =3.536, p=0.060), hyperkalemia and hypokalemia were noted in three patients (13.6%, χ 2 =3.030, p=0.082), metabolic acidosis was observed in one patient (4.5%, χ 2 =0.903, p=0.342) and coagulation disorders were detected in no patients (χ 2 =6.116, p=0.013), compared with that seen on the day of admission. Two women were transferred to the nephrology department for further treatment. One woman with eclampsia and persistent proteinuria recovered by the follow-up visit on the 42nd day postpartum. The other patient with emergent latent kidney disease and an increased Scr level returned to her place of residence and discontinued treatment. None of the patients died or underwent a renal biopsy. Regarding follow-up on the 42nd day postpartum, 12 patients attended the visits, of whom only three did not exhibit a total recovery.
Neonatal
In terms of the mode of pregnancy endpoint, there were 17 cases of cesarean section, four cases of labor induction and one of natural vaginal delivery. The reasons for cesarean section included neonatal distress (6) , pre-eclampsia (3), AFLP (2), eclampsia (2), FGR (2), placenta previa (1) and primiparity at an advanced age (1) . Twenty cases involved a singleton pregnancy, and two cases involved a twin pregnancy. Adverse pregnancy outcomes occurred in 20 cases (90.9%), and stillbirth occurred in eight cases (36.4%). Among the 16 fetuses that survived, 13 were premature (81.3%), 10 were small for gestational age (62.5%), six had neonatal asphyxia (37.5%) and two had FGR (12.5%). The mean birth weight was 2,190±720 g and the mean Apgar score at 1 minute was 7.3±0.9. In comparison to the casecontrol group, the rates of adverse pregnancy outcomes, stillbirths and premature births were statistically significant (Table 3) . Among the 10 women with hypertension and nine women with pre-eclampsia or eclampsia, the rates of adverse pregnancy outcomes reached 100%. Poorer outcomes were noted in the pregnancies complicated by hypertension.
Literature review for PR-AKI in China
Of the 4,076 articles collected in total, 324 were found in the WanFang database, 10 were found in the Chinese Sci- ence Journal, 658 were found in the China Knowledge database, 1,057 were found on MEDLINE, 2,025 were found on EMBASE and two were found in the Cochrane Database. Based on the inclusion and exclusion criteria, 29 articles were included. The excluded articles included the following: (1) 286 articles with <5 cases; (2) 293 reviews or expert commentaries; (3) 1,248 studies of non-pregnant women; (4) 18 studies of non-Chinese women; (6) 1,206 studies of non-AKI subjects; (5) 173 basic research articles; (7) 50 articles not in English or Chinese; (8) 121 repeated cases; (9) 65 articles containing incomplete or difficult-to-extract data; and (10) 587 articles were completely unrelated to PR-AKI.
All 29 included articles were for retrospective studies with an evidence grade of IV. Much of the data were from small case series, and national or population-based datasets were limited. The studies, which were conducted between 1984 and 2013, included 708 cases of PR-AKI in total. The incidence of PR-AKI in the different provinces ranged from 0.02% to 1.84%. The causes of PR-AKI are shown in Table 4. Pre-eclampsia or eclampsia accounted for 87.6% of the cases of gestational hypertension (305/348). The rate of improvement in PR-AKI was 81.9% (580/708), and the mortality rate was 13.6% (96/708). The most common cause of death was MODS induced by PR-AKI (39.5%), followed by gestational hypertension (14.5%) and hemorrhagic shock (11.5%). A total of 34.2% (242/708) of the women received hemodialysis and 4.5% (32/708) of the women displayed an increased Scr level prior to discharge. According to the data available for 471 fetuses, stillbirths accounted for 27.0% of the cases (127/471). Detailed information is shown in the appendix.
Discussion
PR-AKI is a rare disease in the West; however it continues to be a problem in developing countries. Research conducted in different areas may adopt different diagnostic criteria. However, sudden-onset oliguria and elevated Scr are the most common inclusion criteria, although the duration of these abnormalities is not uniform (4, 5, 8, 15-18) . Furthermore, a consensus has been reached such that the RIFLE classification of AKI in pregnant women based on the Scr level or estimated glomerular filtration rate (eGFR) is considered to be inappropriate (2) . However, in terms of exclusion criteria, some researchers firmly hold the view that excluding patients with renal impairment prior to pregnancy can be helpful for determining the "pure" obstetrical effect on kidney injury (4, 16), whereas others do not (19, 20) . We are inclined to take the former view. According to the PR-AKI criteria used in this study, two women had an increased Scr level without an underlying obstetric cause. Following a discussion between the obstetricians and nephrologists, these patients were considered to have latent kidney disease. As both of them were from rural areas, the pregnancies highlighted their latent health problems, which had previously remained undiscovered due to their inability to pay for health care services.
Since there is a high degree of heterogeneity in the diagnostic definition of PR-AKI, epidemiology data currently available in the literature related to this topic are highly heterogeneous (4). The incidence of PR-AKI is known to have decreased markedly in the past 50 years, from 20% to 40% in the 1960's to less than 10% in more recent years, primarily due to the legalization of abortion and improvements in antenatal care (8) . Statistics from developing countries show that the incidence of PR-AKI in India, Africa and Pakistan to be 7-11%, 57% and 18%, respectively (5, 8, (15) (16) (17) (18) . Epidemiological data for PR-AKI in other countries are shown in Table 5 . The incidence of PR-AKI at our hospital is 0.1183%, which is within the range of that seen in other provinces of China, as determined based on our literature review. This incidence is also higher than that in developed countries (1/20,000) but lower than that noted in other developing countries.
In addition, the causes of PR-AKI have changed over time. Septic abortion was previously thought to be the most common cause of PR-AKI in developing countries; however, at our center, the two most common causes were preeclampsia and hemorrhagic shock, which is similar to that seen in other provinces. This is because a three-level management system ( primary clinics-secondary regional hospitals-tertiary teaching hospitals) for pregnant women has been established in Shanghai, and the health of pregnant women is now receiving more attention. Legislative management of abortion has also helped to change the characteristics of PR-AKI. In addition, the mortality of pregnant women can be controlled, currently at approximately 8-12/ 100,000 people (21) . In our nine-year experience, although treatment principles have not changed significantly, women are now monitored more frequently during pregnancy, especially prior to termination. Moreover, the implementation of a number of measures, such as a consultation system and three-level referral system in Shanghai has contributed to improvements in survival rates. Five First-Aid Centers for high-risk pregnant women were founded in Shanghai in December 2007, and our center is responsible for treating high- risk pregnant women in northwestern Shanghai. Due to the effects of timely treatment, no patients died in our study, and the mortality rate was lower than that observed in other provinces in China. However, because perinatal care is not mandatory, women who do not receive perinatal care based on economic conditions are not supervised and thus prone to developing obstetric comorbidities and complications. In our study, six women exhibited persistent proteinuria and four women had an increased Scr level at the time of discharge. Eight of these women were from rural areas and seven had received no regular prenatal care. In our literature review, the proportion of women with an increased Scr level prior to discharge was also quite high (4.5%). This is also likely because most of the women were from rural areas and did not receive regular pre-natal care; limitations in medical technology and high economic burdens may have contributed to this phenomenon. Due to population movement, we were unable to obtain full follow-up data.
Although the maternal conditions of PR-AKI can be improved with active treatment, compared with the background data for the rates of preterm birth (5%), small-forgestational-age babies (2-4%), stillbirth (4%) and cesarean section (50%), the women in this study often experienced adverse pregnancy outcomes (preterm birth rate: 81.3%, small-for-gestational-age baby rate: 62.5%, stillbirth rate: 36.4%, and cesarean section rate: 77.3%) (22) . This observation was confirmed in our case-control group comparison. Although eight women exhibited pre-eclampsia (severe) and one woman demonstrated chronic hypertension, the conditions of these patients were less severe and their pregnancy outcomes were better. The results of our literature review for China showed that the incidence of stillbirth or neonatal mortality can reach 30%, while that of adverse pregnancy outcomes (including premature birth, a low birth weight and fetal distress) can be even higher.
There are some limitations associated with our study.
(1) The number of cases was limited, and a better case-control study is needed to increase the evidence level. The complicated conditions of pregnant women with AKI make it difficult to select appropriate groups in terms of recruiting equivalent study and control groups and/or obtaining clear evidence regarding the maternal and fetal outcomes. However, a disease model of PR-AKI could be generated using a larger number of cases, which may highlight risk factors for PR-AKI. Further work is therefore necessary. (2) The prognosis was based on the length of stay in the hospital and examined primarily in late pregnancy (72.7% of the women), whereas most other studies included women in both the first and the third trimesters of pregnancy, which involve different pathophysiological and prognostic mechanisms. (3) We did not determine the exact cause of AKI because we did not conduct renal biopsies in the subjects. None of the patients consented to undergo a renal biopsy, and the safe timing of this procedure during pregnancy has not been completely determined (23) . Therefore, our assessment of the prognosis mainly relied on the results of urine protein and blood urine tests performed between six weeks and six months. Unfortunately, the long-term follow-up was not sufficient. Furthermore, this study was a single-center retrospective study, and additional postpartum visit data are required to track maternal and fetal conditions over the long term.
Conclusion
The data obtained from our hospital and the results of our literature review of PR-AKI in China show that the current grade of evidence of PR-AKI studies is relatively low, a phenomenon related to the limited knowledge regarding this condition. Although clinical studies of PR-AKI mostly include case reports, in the past two years, case-control studies and large-scale retrospective case analyses have been performed. Although no consensus has been reached as to the definition of PR-AKI, we believe that timely referral with the use of full-time nephrology, obstetrics and neonatology services, as well as the availability of renal replacement therapy, may help to further reduce the incidence of PR-AKI.
The study was approved by the Ethics Committee of Shanghai Jiao Tong University Affiliated Sixth People's Hospital. The work was carried out in accordance with the Declaration of Helsinki. All patients included in this study provided their oral informed consent. There was no potential harm to the participants.
